. On the other hand, lung capacity is related to thoracic expansion (Seo et al., 2012 ). However, the major factor responsible for decline in lung function with age is loss of lung elasticity, which is aggravated by increasing stiffness of the chest wall and reduced respiratory muscle strength (Dyer, 2012) . Lung-level changes may further decrease exercise capacity and contribute to muscle strength and power loss. Furthermore, it has been shown muscle power is significantly associated with walking ability (Sillanpää et al., 2014) .
Several studies have shown that physical activity may attenuate age-related decline in pulmonary function (Amara et al., 2001; Degens et al., 2013; Pelkonen et al., 2003) . Kanitz et al. (2015) reported significant improvements in cardiorespiratory function in older adults after two training programs targeting deep water endurance and strength over a period of 12 weeks. In other studies, high-or low-intensity resistance exercises improved aerobic capacity and treadmill time to exhaustion in older adults (Vincent et al., 2002) , and concurrent aerobic and resistance circuit training elicited significant improvements in cardiorespiratory fitness in older adults (Takeshima et al., 2004 ).
Admission to hospital is a major risk factor of functional decline and reduced health-related quality of life in older people (Haines et al., 2009; Boyd et al., 2008) , and this decline is associated with illness and bed rest during hospitalization (Kortebein, 2009 ). It has also been shown that only a few days of bed rest or a few weeks of inactivity can reduce cardiorespiratory fitness and increase muscle atrophy (de Morton et al., 2007) , and Kim et al. showed lung capacity was decreased in the supine position (Kim et al., 2011) . Furthermore, cardiopulmonary disease is often associated with poor physical fitness because of the cumulative effects of illness, medication, fatigue, and bed rest (Kortebein, 2009; Murphy et al., 2011) .
Pulmonary complications are often encountered when treating elderly adults, and until recently the importance of pulmonary rehabilitation for elderly adults was overlooked (Na et al., 2014) .
Air stacking exercise is an inhalation assist exercise.
During this exercise, a subject inhales a maximal amount of air and then a therapist passively infuses additional air into the subject's lungs. In a previous study, 4 weeks of active air stacking exercise with manually assisted coughing and functional electrical stimulation in addition to conventional pulmonary rehabilitation in patients with restrictive pulmonary disease caused by a brain lesion were found to improve pulmonary function (Na et al., 2014) .
In other studies undertaken to evaluate the effects of air stacking on pulmonary function and peak cough flow in patients with cervical spinal cord injury, air stacking exercise for 6 weeks significantly improved pulmonary function and peak cough flow (Jeong and Yoo, 2015) .
Furthermore, Kim et al. (2010) reported air stacking exercise had positive effects on cough and pulmonary function (lung volume and lung elasticity) improvements in patients with cervical cord injury.
However, studies on air stacking exercise have usually targeted the central nervous system and few studies have been conducted in elderly adults. Accordingly, we evaluated the effects of air stacking exercise and manually assisted coughing intervention on lung capacity, activities of daily living, and walking ability in elderly adults.
Ⅱ. Methods
Participants
This study was conducted on 27 elderly living in communities in D City, Korea. The selection criteria employed were as follows: 1) age ≥65 years; 2) no organic lung disease (pneumonia, chronic obstructive pulmonary disease), as determined by; history taking, physical examination, or chest x-ray; 3) an ability to walk independently for more than 10 m without any form of assistance; and 4) the absence of any disease that might affect testing. Candidates with visual impairment, hearing damage, nervous system or vestibular organ problems, and those unable to understand the nature of the experiment were excluded.
Twenty-seven subjects met the study criteria.
Information on the study was provided to and written informed consent was obtained from all study subjects, as required by the ethical standards of the Declaration of Helsinki, prior to study commencement. After completion of the initial assessment, subjects were randomly assigned to an experimental group (n=13) or a control group (n=14).
This study was conducted as a double-blind, randomized controlled trial in which the therapist was blinded to treatment. For randomization, sealed envelopes were prepared in advance and marked inside with an A or B,
indicating the experimental and control groups, respectively. This randomization was performed by a third party totally unaware of study content. Subject characteristics and all outcome measures before and after treatment were assessed by Physician 1, who was blinded to treatment allocations, and the air stacking exercise was conducted by Physician 2, who was not involved in subject assessments. Conventional pulmonary rehabilitation exercises were performed by Physician 3. Physicians 2 and 3 were instructed not to communicate with subjects about study goals or treatment rationales.
The sample size required for this study was calculated using the G* Power program 3.1.0 (G power program Version 3.1, Heinrich-Heine-University, Dusseldorf, Germany). Based on data from a pilot study, the estimated sample size required to obtain a minimum power of 80% at a significant alpha level of 95% was 22. Accordingly, 27 participants were recruited to cope with a potential dropout rate of 20%.
Intervention
Subjects in the experimental and control groups underwent a conventional pulmonary rehabilitation program, but subjects in the experimental group also performed the air stacking exercise after conventional exercises.
1) Conventional pulmonary rehabilitation
All 27 study subjects performed active pulmonary rehabilitation 30 minutes/day, 5 days a week for 4 weeks.
During the 4 weeks of the experiment, conventional pulmonary rehabilitation exercises, such as, cough exercise, deep breathing, and abdominal muscle strengthening exercises were performed (Na et al., 2014) .
2) Air stacking exercise
The air stacking exercise was performed as follows.
After a subject inhaled a maximal amount of air, a therapist infused additional air into the subject's lungs about 2-3 times using an oral/nasal mask. The subject was then allowed to exhale the moment the therapist removed the mask. At that time, the therapist carried out manual assisted coughing by applying pressure to the patient's abdomen.
These exercises were conducted 10-15 times per session for two sessions a day in a sitting position (Kang et al., 2007) .
3) Outcome measures
(1) Pulmonary function parameters Pulmonary function testing was conducted using an Oxygen saturation was measured by pulsed oximetry (3300MX, Matrx, USA) immediately after awakening, as previously described (Na et al., 2014) . Oxygen saturation items and rated using a 10-point scale. Degree of assistance was rated by awarding up to 10 points were awarded to each of 10 items (10 points=completely independent, zero points=completely dependent). Due to its greater convenience, preciseness, consistency, sensitivity, and compatibility with statistical processing than other evaluation tools, the K-MBI is widely used to generate supportive data for training self-help activities and mobility (Smith, 1993) . performed using the independent t-test. P values of <.05
4) Statistical Analysis
were considered statistically significant.
Ⅲ. Results
Forced expiratory volume in one second (FEV1) were significantly improved after intervention, at after intervention versus 2-week follow-ups, and at follow-up versus pre-intervention (p<.05), and PCF values were significantly improved after intervention and after intervention versus at follow-up (p<.05).
Ⅳ. Discussion
This study was undertaken to document the effects of an active pulmonary rehabilitation program, composed of air stacking and manually assisted coughing exercises in addition to a conventional pulmonary rehabilitation program, on pulmonary function, activities of daily living, and walking ability in elderly adults. After intervention, significant improvements were noted in 6-minute walk test and in FEV1, FVC, and PCF results in the experimental group as compared with the control group, members of which underwent conventional pulmonary rehabilitation program alone.
Previous studies have shown that air stacking exercise significantly improves pulmonary function and peak cough flow in patients with restrictive pulmonary disease caused by a brain lesion (Na et al., 2014) . In the present study, after 4 weeks of active pulmonary rehabilitation consisting of air stacking and a manually assisted cough exercise added to a conventional pulmonary rehabilitation program, FVC increased from 1.9 to 2.7 liters, FEV1 from 1.5 to 1.8 liters, and PCF increased to 349.1 liter/min in the experimental group, and all these increases were significant.
Furthermore, these The results concur with previously reported of results.
Another study evaluated the effects of air stacking on pulmonary function and peak cough flow in patients with cervical spinal cord injury. In this previous study, the experimental group performed 20 repetitions of air stacking twice a day and trained for 5 days a week, for 6 weeks.
After intervention, FVC and PCF were found to have increased significantly more in the experimental group than in the control group, and in the experimental group, PCF increased by 27.3% (Jeong and Yoo, 2015) . These results are in accord with our results. Marques et al. (2014) instructed 18 patients with neuromuscular disease (NMD) to perform routine air stacking at home for 4-6 months and after intervention found PCF increased significantly by 9.9% and FVC also increased.
The significant FVC and FEV1 improvements observed in our experimental group were considered to be the result of expanding lungs to maximum volume and of increasing chest wall compliance by air stacking, which is explained as follows. During aging, elastic elements of the lung degenerate, parenchymal tissue is lost, alveolar ducts and bronchioles dilate, intercostal muscle mass and force are reduced, gas exchange surface area shrinks, and chest wall compliance decreases (Lalley, 2013) . It has also been reported thoracic compliance determines the elastic load during inspiration (Sharma and Goodwin, 2006) .
Furthermore, insufficient expansion of the thorax leads to low thorax compliance, which in turn reduces vital capacity.
Thus, a patient that cannot expand his/her lungs sufficiently must expand lung to maximum volume periodically to maintain thorax compliance, and by infusing additional air, lung recoil and thorax compliance can be increased (Na et al., 2014) .
In present study, PCF significantly improved in the experimental group. This variable has been used as a measure of huff strength and largely determines the effectiveness of airway clearance (Sasaki, 2007) . The three phases of coughing can be classified as inspiration, compression, and expiration. During the inspiration phase, normal subjects have pre-cough volumes of 85−90% of inspiratory capacity (McCool, 2006) . However, lung expansion dysfunction results in insufficient inhalation before coughing, inadequate elimination of airway secretions, and lower air flow (Na et al., 2014) . On the other hand, air stacking exercise maintains pulmonary compliance by inflating lungs maximally (Jeong and Yoo, 2015) .
The higher the maximum insufflation capacity (MIC)
is, the greater a patient's coughing ability, and thus, coughing ability may be improved by increasing the amount of additional air supplied during air stacking (Bach et al., 1993) . Kang and Bach (2000a) reported that daily air stacking exercise in patients with neuromuscular disease increased maximum insufflation capacity and assisted peak cough flow. Furthermore, by regularly inflating lungs maximally, maximum insufflation capacity and dynamic lung compliance may be increased (Kang and Bach, 2000b) .
In the present study, K-MBI, which is an ordinal scale used to measure performance at the activities of daily living (O'Sullivan et al., 2007) , was 67.69 before the program and increased non-significantly to 79.46 after the program.
In a previous study conducted on air stacking in patients with restrictive pulmonary disease due to a brain lesion, mean K-MBI was 57.5 before a 4-week rehabilitation and significantly increased to 75.8 after intervention (Na et al., 2014) .
We believe the reason why changes in pulmonary function related K-MBI scores were not significant despite significant increases in pulmonary functions was that among the items of the K-MBI, which include eating a meal, personal hygiene, bathing, dressing, relieving oneself, controlling micturition and defecation, moving a chair/bed, gait/using a chair car, and climbing stairs, only climbing stairs requires lung capacity. On the other hand, our six meter walk test results were closely related with pulmonary capacity, and these test results increased significantly after intervention.
Previous authors have argued healthy elderly people show a correlation between VC and ADL when performing difficult motions, such as, climbing stairs, and that healthy elderly with better respiratory functions are better able to climb stairs (Yoon et al., 2012) . To the best of our knowledge, no previous study has evaluated the effect of air stacking exercise on lung capacity and gait in elderly adults, and the results of the present study support our primary hypothesis that air stacking exercise in elderly subjects improves lung capacity and gait function.
Nonetheless, the present study has some limitations that required consideration. First, the sample size was small, which reduced statistical power, and second, the outcome assessor was not blinded, which might have led to measurement bias.
Ⅴ. Conclusion
Our study shows 4 weeks of air stacking exercise induces significant therapeutic effects in elderly adults. More specifically, air stacking exercise improved lung capacity and exercise tolerance.
